Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
The relevance of social comparison to explain human behavior has been extensively aknowledged both in economics and in other disciplines. For example, in social psychology, according to the Social Comparison Theory by Festinger (1954) , people evaluate their own opinions and abilities in comparison with opinions and abilities of others. In the economic literature, Veblen (1899) in his Theory of the Leisure Class introduced the idea that individuals care about comparison with other members of the same community and conspicuous consumption is a way to gain and signal social status. Duesenberry (1949) also discussed the relevance of social influence on consumption. Many studies thereafter in the macroeconomic and asset pricing literature consider social comparison as a determinant of individual decisions by assuming that agents care not only about their absolute level of consumption, but also about their relative position with respect to the aggregate consumption of the society, the so called keeping up with the Joneses phenomenon. Moreover, economists have provided empirical evidence that relative income has an impact on job satisfaction (Clark and Oswald, 1996; Card et al., 2012) and happiness (Ferrer-i-Carbonell, 2005; Vendrik and Woltjer, 2007) . More recently, a strand of the economic literature has focused on the behavioral implications of wage comparison in labor market relations, studying, in particular, how wage inequality affects effort or performance (Charness and Kuhn, 2007; Clark et al., 2010; Cohn et al. 2011; Ockenfels et al. 2010) .
Still, few studies have investigated the mechanisms through which social comparison affects individual decision processes. In this paper, we study, theoretically and experimentally, whether and how social comparison affects decision making under uncertainty. We adopt an interdependent preferences model that assumes that a comparison outcome, the monetary outcome of a reference group, enters the utility function of the decision maker. We apply our model to an experimental labor relation setting, whereby workers earn a wage from an effort task and, being informed about their co-worker's wage, have to take a decision that involves uncertain monetary outcomes in order to increase their earnings.
Given the large body of empirical evidence on the relevance of social comparison for the well-being of the individuals, it is natural to consider that, when evaluating the (probabilistic) consequences of their decisions (e.g., investment decisions), agents do not care solely about their own monetary outcome but also about their relative outcome with respect to their peers. This implies that the social condition of the decision maker (his status) and his disposition toward social gains and social losses may affect his attitude toward risk. Since the seminal paper by Kahneman and Tversky (1979) , it is well aknowledged that, in a private environment, individuals have different risk attitudes depending on whether they face prospects that are positive or negative variations with respect to a certain reference point (e.g., status quo, goal etc.). Similarly, in a social environment it may occur that individuals have different risk attidudes depending on whether the prospects they face are above or below the outcome of the reference group (e.g., colleagues, neighbours, relatives etc.). Indeed, individuals may not only dislike the risk that regards their standing with respect to a social referent (social risk aversion), but they may also dislike such risk with different intensities when they are in a social losses condition with respect to when they are in a social gains condition. For example, it may occur that individuals facing a disadvantageous social condition are willing to take more risks than individuals facing an advantageous social condition, because they are driven by the incentive to catch up with their social referent. It may also occur that the further above they are with respect to the outcome of their social referent, the less they dislike risks on their relative standing.
The most general approach to social comparison and decision making is the model of social decision theory introduced by Maccheroni et al. (2012) . The authors provide an axiomatic foundation to interdependent preferences and provide a representation that incorporates as special cases many functional forms that have been adopted by the empirical literature to describe relative income concerns. 1 Maccheroni et al. (2012) assume that the value function of a decision maker depends not only on the intrinsic utility that he derives from the outcome of his decision but also on the satisfaction he derives from comparing his outcome with the outcomes of the members of his reference group.
As in Maccheroni et al. (2012) , we adopt an additive representation of the utility function of the decision maker, that consists of an individual and a social component. We adapt this representation to our economic setting by incorporating features of prospect theory (Kahneman and Tversky, 1979) . Indeed, we express both the private and the social component as functions of the (monetary) deviations with respect to a reference point. While the individual component is a function of the positive variation with respect to an individual reference point (e.g., status quo, goals, etc.), the social component is a function of the positive or negative variations with respect to a social reference point (e.g., the monetary outcome of the reference group). This specification reflects the assumption that both internal and external habits matter in the decision making process. While in the theoretical part we do not take any explicit assumption on the nature of the individual reference point, in the experiment we assume that it is the wage the worker earns from an effort task, which corresponds to the fixed part of the worker's final earnings. We impose as a social reference point the final earnings of the co-worker.
As the decision under risk that the worker has to face involves only outcomes that are positive variations with respect to his wage, the decision problem is constantly framed in the individual gains domain. Instead, we let the positioning of the decision maker's final outcome to vary with respect to his social reference point, as the worker's final earnings fall either above (social gains) or below (social losses) his co-worker's final earnings.
The basic intuition of our model is that, for a given intrinsic disposition toward risk, the relative position of the individual outcome with respect to the social referent's outcome (his social condition) and the curvature of the social component of the utility function induce different risk attitudes.
The model of decision making in a social context that is closer to our paper is the comparison utility model of Clark and Oswald (1998) , whereby the utility of a decision maker depends not only on his own action but also on the comparison with the action taken by others. In that setting, the social component of the utility function is expressed as a function of the deviations of the agent's behavior from his peers' behavior and different curvatures of the social component of the utility function determine different attitudes towards others' actions, as conformism or deviance. Differently, in our setting, the social component is expressed as a function of the deviations of the agent's monetary outcome from his peers' outcome. However, as in their setting, different curvatures of the social component may have different behavioral implications.
In the theoretical part, we analyze the behavioral implications of a comparison-concave and of a comparison-convex social component and we focus on the implications of a social component that displays the usual prospect theory properties, i.e., convexity in the social losses domain and concavity in the social gains domain.
In the experimental part, we study whether and how social comparison influences risk taking behavior, by varying the social condition in which the decision maker finds himself when he has to take the risky decision.
In the first part of the experiment, we elicit intrinsic risk attitudes through a graphical version of the Multiple Price List (MPL) format (Holt and Laury, 2002) . In the second part of the experiment, we reproduce a social environment, whereby randomly paired subjects interact in a real effort task (hereafter, work task ). For completing this task, workers earn a fixed wage, which can be either low or high and may coincide or differ from the wage assigned to their co-worker. After being informed about both their own wage and the wage of their co-worker, subjects face another MPL format (with different stakes). Through this second risk task, that we call bonus task, workers can get an extra gain (the bonus) on top of their wage. We pay the bonus task only to one worker in each pair; this selection is performed at the end of the experiment through a random draw. Hence, when facing the bonus task, each worker is aware that, when his decision is effective, i.e., he gets the bonus, his co-worker's final earnings must coincide with his co-worker's wage. This payment scheme allows us to fix the worker's social reference point at the co-worker's wage level. Therefore, by simply manipulating wages allocations across pairs, we can reproduce various social conditions. There are social conditions where all possible final earnings (the wage plus the bonus) of a worker are above the social reference point (social gains), and social conditions where all possible final earnings are below the social reference point (social losses).
It is worth noticing that, since we are interested in the effects of social comparison per se, we treat the worker's social condition in the bonus task as exogenously given: the worker's position in the (pairwise) social ranking is fixed and it is not determined by the worker's decisions in the bonus task. 2 First, every possible bonus is not large enough to allow him to move from a regime of social losses to a regime of social gains. Secondly, the worker's choice does not produce any effect on the final outcome of his co-worker, which coincides with the co-worker's wage from the work task. Notice that, besides keeping the social ranking fixed, this second aspect of the design also allows us to rule out social concerns that the decision maker might have if he had to decide for the payoff of the other.
We study how different social situations affect the worker's risk taking behavior in the bonus task, by performing a between subjects analysis.
We find that the decision maker's social condition when facing the bonus task does indeed affect his risk taking behavior. When we control for subjects' intrinsic risk attitudes, as elicited in the first risk task, we see that in the social environment subjects are on average more risk averse in a situation of small social gains, than they are when they face situations of social losses or large social gains. These results are compatible with an utility function that displays concavity in its individual component and prospect theory features in its social component, i.e., convexity in the social losses domain and concavity in the social gains domain.
To the best of our knowledge, there are only few other laboratory experiments that investigate the effects of social comparison on risk attitudes. Bolton and Ockenfels (2010) perform an experiment in which subjects face choices under uncertainty both in an individual and in a social context. While in the individual context subjects face binary lottery choices, in the social context they face dictator choice problems with uncertain payoffs. The authors study how the advantageous or disadvantageous inequality in the payoff allocations of either the safe or the risky option affect the decision maker's risk attitude. Notice that the focus of this study is different from ours: while in their experiment the decision maker's choice influences the payoff of the other person, in ours the payoff of the other person is exogenously given. In our scenario, given his (fixed) position in the pairwise social ranking, the individual can only change (increase or decrease) the distance between his final outcome and the final outcome of his peer and he can do that only by acting on his own payoff.
Rohde and Rohde (2011) study decision making under uncertainty in a social context and show that risk taking is affected by the risks faced by other persons. Also this study differs from ours, as in our experiment the outcome of the social referent is certain, when the decision maker faces the risky decision.
In the experiment of Rustichini et al. (2008) subjects face binary lottery choices, being informed about the choices made by other subjects. By measuring subjects' emotional valuations and physiological responses, the authors conclude that social gains loom larger than social losses, contrary to prospect theory predictions. Interestingly, they also find that, when a decision maker faces a competitor with lower earnings, he is more willing to take risks. The main difference with our experiment is that, our decision makers are not informed about their peer's choice. This different aspect of the design corresponds to a different definition of social comparison and, hence, of the social reference point: we assume that the decision maker compares his possible final monetary outcomes (his final status) with the fixed monetary outcome of his co-worker (the co-worker's status), ruling out any possible comparison with the co-worker's behavior. Fafchamps et al. (2013) explore, among other things, the effect of social comparison on risk taking behavior in a multi-rounds experiment on asset integration. The evidence suggests that there might be a keeping up with the winners effect that triggers risk taking behavior by subjects who receive an initial endowment to invest which is relatively lower than the endowment received by the other subjects.
In the experimental work that is closest to our paper, Linde and Sonnemans (2012) study the effect on risk taking behavior of social comparison per se. Through a within subjects design and a risk elicitation procedure different from the one we implemented, the authors study the effect of different social conditions on risk attitudes. They find that risk aversion decreases as subjects moves from a social losses regime to a neutral regime and decreases even more in a social gains regime. In the final discussion we provide a possible explanation for the differences between their results and ours, which we believe they are generated by substantial differences in the experimental setting.
Theoretical framework
We consider the problem of a decision maker, whom we call agent 1, who has to choose among risky prospects. Let X ∈ R be the set of possible outcomes.
Definition 1 A prospect for agent 1 is a contract (x 1 , p 1 ; ...; x l , p l ) that yields with probability p i an outcome x i ∈ X for agent 1.
In this paper we investigate how the decision maker's risk attitudes are affected by his relative position within his group of peers. For this reason, we model his choices as made in an environment where there are n − 1 other agents. Each agent j ∈ {2, ..., n} has a fixed outcome x j ∈ X, that does not depend on the decision maker's choice.
We assume that the decision maker's preferences over the final outcomes are influenced by two characteristics of the choice situation, an individual reference point, r, and a social reference point, s.
The need for an individual reference point is well documented in the literature, both from the theoretical and experimental points of view. Starting from the seminal work of Kahneman and Tversky (1979) , a large number of papers have analyzed the behavior of decision makers who compare their final outcomes to an individual reference point, which can be either derived from the description of the decision problem, or endogenously determined in equilibrium (as in Rabin, 2006, 2007) . Moreover, a recent strand of literature considers how the decision makers' attitudes are influenced by the presence of multiple individual reference points (see, for example, Wang and Johnson, 2012 and March and Shapira, 1992) . Also the experimental literature such as Sullivan and Kida (1995) , Ordonez et al. (2000) and Koop and Johnson (2010) investigates the behavior of agents that simultaneously consider multiple reference points, e.g., the status quo and the individual goals.
For simplicity, however, we assume that, for a given decision problem, there is a unique individual reference point r. 3 We follow the literature on multiple reference points in a different way, by introducing a social reference point s ∈ X . We assume that the social reference point s is determined from the outcomes of the agents in the set {2, 3, ..., n}. 4 Reasonable assumptions for the characterization of s can be the average of the outcomes of these agents, their median, their minimum, or their maximum. Notice that if n = 2, as we will impose in our experiment, all these possible candidates for s coincide with the outcome of agent 2.
We classify prospects in three categories, according to their relation with the social reference point.
Definition 2 A prospect has social gains if its outcomes are all greater than the social reference point s i in each state i; a prospect has social losses if its outcomes are all lower than the social reference point s i in each state i; a prospect is mixed in all other cases.
In our analysis we consider only choice situations with prospects that display social gains or social losses, whereby the position of the decision maker in the social ranking is constant across outcomes. As we want to investigate the effects that the decision maker's social condition per se has on his risk attitudes, it is convenient to avoid choice situations where the decision maker's social condition is outcome dependent and, hence, endogenously determined by the decision maker's choice.
We aknowledge that in some economic contexts the competition for a higher status within a social group could generate a pressure that may affect the decision maker's propension to take risks. However, in real life, most of the investment decisions that an individual faces do not have economic consequences that are large enough to change substantially his social status. Nonetheless, even in the typical choice situation where the social ranking is unquestionable and the individual can only get closer or move further away from his peers' status, concerns for the higher economic status of the peers or for the lower economic status of the peers can shape the individual's risk attitude.
The existing literature on social comparison and decision making provides no empirical support in favor of a specific functional form for the agents' value function. Therefore we model the decision maker's preferences through a function that is characterized by two additive components, one that describes his concern for an individual reference point, and the other that takes into account the influence of the social reference point. Additivity of the value function in these two components is the simplest assumption that can be made to describe choice situations where both internal and external habits play a role. Such assumption is in line with the comparison utility by Clark and Oswald (1998) and with the model of interdependent preferences by Maccheroni et al. (2012) . In the latter, the value function associated to a profile of acts consists of a first term, that concerns the agent's intrinsic (expected) utility from the realized outcome, and a second term, that represents the agent's satisfaction from the comparison of his outcome with the distribution of outcomes in his reference group. In its general form, the representation of Maccheroni et al. (2012) only assumes that this second term is (stochastically) decreasing in the distribution of outcomes of the agent's reference group.
In our specification, the intrinsic utility is represented as a function of the deviations of the agent's monetary outcome from his individual reference point; the social component is instead a function of the deviations of the agent's monetary outcome from the monetary outcome of his social referent. The utility function that we introduce is as follows:
where x is the monetary payoff of the individual, r is the individual reference point, s is the social reference point and γ is a parameter that represents the concern for relative status, γ ≥ 0. Given the utility function, the decision maker's value function associated to a prospect x is:
Our assumptions on the properties of the value function combine prospect theory features (Kahneman and Tversky, 1979) with the coexistence of two reference points. In case of a single reference point, prospect theory predicts that risk attitudes vary depending on whether prospects are perceived as losses (i.e., every outcome is smaller than the reference point) or as gains (i.e., every outcome is larger than the reference point). In particular, a prospect theory value function is convex in the losses domain and concave in the gains domain, which implies that the decision maker displays risk loving behavior when facing losses and risk averse behavior when facing gains. Since the focus of this paper is on the effect that different social reference points induce on the risk attitudes of the decision maker, we fix the private environment to be the one with gains, by considering only prospects in which every outcome is greater than r (individual gains). Therefore, we define the behavior of u(·) only in the region where x > r; in such region, we assume u (x − r) to be increasing and concave (u (y) > 0 and u (y) < 0 for y > 0).
Instead, we let the social environment to be either a social gains or a social losses situation. We assume that the social component G(·) is increasing in (x − s), which implies that the decision maker enjoys being above the social referent and he dislikes being below.
The curvature of the social component G(·) is crucial to understand the impact of social comparison on the decision maker's risk attitudes. In principle, we could consider G(·) functions which are either overall convex, overall concave or with a curvature which depends on the social domain. A direct application of prospect theory to the the G(·) would imply that its curvature does change across social domains and that G(·) is convex in the social losses domain (i.e., for prospects where x < s) and concave in the social gains domain (i.e., for prospects where x > s).
To study the effects that social comparison has on the risk attitudes of the decision maker, we analyze how the Arrow-Pratt coefficient of absolute risk aversion changes with the relative social position of the agent (i.e., with s, having fixed x and r). The coefficient of risk aversion, RA(x; r, s), that depends both on the individual and the social reference point, is:
In order to analyze more easily how the risk attitudes change across social domains in relation to different curvatures of G(·), it is useful to introduce in a separate way the coefficient of risk aversion of the individual component u(·), RA u , which we assumed to be positive, and the coefficient of risk aversion of the social component G(·), RA G .
We call RA u private risk aversion and, adopting the language of Maccheroni et al. (2012), we call RA G social risk aversion. Private risk aversion describes how much the decision maker dislikes the risk that concerns the standing of his (final) outcome with respect to his individual reference point. Similarly, social risk aversion conveys the idea that the decision maker dislikes the risk that regards the standing of his final outcome with respect to the social reference point. It is possible to show that RA(x; r, s) > RA u (x − r) if and only if RA G (x − s) > RA u (x − r). 5 That is, the decision maker is overall more risk averse in a social context than he would be in a private context if and only if his social risk aversion prevails on his private risk aversion, i.e., he dislikes more to take risks on his social distance than on the distance with respect to his individual reference point. This relation implies that for comparison-linear and comparisonconvex value functions it is always true that RA(x; r, s) < RA u (x − r), since for such functions RA G (x − s) < RA u (x − r) for every x, r and s, given the concavity of u(·).
However, our object of interest lies beyond the simple comparison between the general coefficient of risk aversion RA and the coefficients of risk aversion of its two components, RA G and RA u . We are indeed interested in how the coefficient of risk aversion RA varies as the external reference point s changes. The following propositions present the results for comparison-linear, comparison-convex and comparison-concave value functions. The proofs are contained in the Appendix. Saying that RA(x; r, s) is increasing in s implies that, for a fixed individual gain or loss (x − r), risk aversion decreases the larger is the social gain and it increases the larger is the social loss. Notice that we cannot say anything conclusive about the relation between RA(x; r, s) and s in case G(·) displays increasing absolute risk aversion (IARA).
Proposition 5 If the value function is comparison-concave, the effect of s on RA(x; r, s) is related to the behavior of G(·) in the following way:
This can be easily seen by rewriting the general coefficient of risk aversion as follows:
Moreover, if G(·) is DARA, the following holds for any x and r: RA(x; r, s) > RA u (x − r) if s >ŝ(x, r), and RA(x; r, s) < RA u (x − r) if s <ŝ(x, r), whereŝ(x, r) ∈ (−∞, ∞).
This implies that a comparison-concave value function (where G(·) is CARA or DARA) is associated with a coefficient of risk aversion that decreases in social gains (and increases in social losses) at least as long as RA G (x − s) > RA u (x − r); moreover, a comparison-concave value function (where G(·) is IARA) is associated with a coefficient of risk aversion that increases in social gains (and decreases in social losses) at least as long as
Let us consider now a value function with a social component characterized by prospect theory features. We can first notice that the behavior in the social gains domain depends on whether the G(·) is CARA, DARA or IARA. We make the rather plausible assumption that G(·) is DARA, i.e., social risk aversion decreases in social gains. 6 Proposition 6 Assume that G(·) is concave and DARA in social gains and convex in social losses. Consider a pair (r, s) and take x > max(r, s). (ii) For the convexity of G(·) in the social losses, RA G (x −ŝ) < RA u (x − r). As it holds true that, for any x, r and s, RA(x; r, s)
Consider prospects with social gains for which the decision maker is overall more risk averse than he would be for the same prospects in a private environment (i.e., RA(x; r, s) > RA u (x−r)), because his social risk aversion is higher than his private risk aversion (i.e., RA G (x − s) > RA u (x − r)). Part (i) of Proposition 6 implies that, if we consider other prospects with social gains that are larger than these, because of the DARA assumption, the social risk aversion associated with the larger gains is lower than that associated with the smaller gains and, thus, also the overall risk aversion decreases.
The result of part (ii) of the proposition implies that the individual is less risk averse when facing social losses than he is when facing social gains, for which it holds true that the social risk aversion is higher than the private risk aversion. Indeed, in presence of any prospect with social losses, the decision maker is more risk lover than he would be for the same prospect in a private context (i.e., RA(x; r, s) < RA u (x − r)). The intuition is that, in a social environment, the decision maker may be willing to take more risks than he would do in absence of social comparison in order to shorten the distance from his social referent. Instead, what happens to risk attitudes in presence of social gains is ambiguous. Indeed, we can say in general that in presence of prospects with social gain the decision maker is risk averse. 7 However, whether he is more or less risk averse than he would be for the same prospects in absence of social comparison ultimately depends on the relation between his private and his social risk aversion. If the decision maker dislikes more the risk associated with his standing relative to the social referent than relative to his private referent (i.e., RA G (x−s) > RA u (x−r)), than his overall risk aversion in presence of social gains is higher than his private risk aversion (i.e., RA(x; r, s) > RA u (x−r)). Consequently, his overall risk aversion in presence of social losses is lower than his overall risk aversion in presence of social gains.
Notice that there is no general relation between the risk attitudes in presence of social losses and the risk attitudes in presence of social gains, when the decision maker displays risk aversion in both situations. 8 Moreover, as emphasized in part (i) of Proposition 6, if a decision maker in presence of some social gains displays a social risk aversion which is higher than his private risk aversion, there is no guarantee that this relation still holds when he faces larger gains, since social risk aversion decreases as gains grow larger. Hence, for different social gains situations, the same decision maker may display higher or lower risk aversion compared to the risk aversion he would display in a social losses situation.
Our theoretical results can be easily extended to decision makers characterized by a linear individual component u(·). For such individuals Proposition 6 applies as in the social gains domain it holds true that, for any x, r and s, RA G (x − s) > RA u (x − r) as G(·) is concave and RA u (x − r) = 0.
In the remaining sections of the paper we describe an experiment that investigates whether and how a variation in the social position of the agent, that is, a variation of s, affects his attitude toward risk in lottery choice problems.
The experiment
We analyze the effect of social comparison on risk taking behavior by reproducing in the lab a workplace environment, where, after being paired with a co-worker, subjects perform an effort task, get a wage from this task and, afterwards, face a risky decision which can generate a bonus on top of their wage. The scenario we have in mind is a financial institution whereby risk takers perceive a pay which is given by a fixed part, the wage, and a variable part, the bonus, which depends on the success of their investment decisions.
Such a pay structure reflects the assumption that subjects evaluates possible outcomes of a risky decision (possible bonuses) as positive variations with respect to their individual reference point r. So far, we did not make any assumption about the nature of r; in the experiment, we assume that the subject's individual reference point coincides with his wage from the effort task. In order to make subjects perceive their individual reference point as compelling as possible, we assign it as a compensation for their effort. In addition, the presence of two possible wages will allow us to verify whether we induced r appropriately, so that subjects actually evaluate bonuses as variations with respect to their wages.
We impose an individual reference point for two different reasons. On one hand, we believe that an intrinsic reference point (e.g., the status quo) exists and is an important determinant of individual decisions, both in private and social contexts. On the other hand, we want to isolate the effect of the social reference point, s; therefore, it is important to make the individual reference point as most explicit as possible in order to avoid that subjects implicitly form their own r, that we cannot control and that might interact with s. An explicit and well imposed individual reference point allows us to disentangle the effect of social comparison on risk taking behavior.
As expressed in the value function introduced in Section 2, we assume that, when facing a risky decision, an individual not only evaluates its possible outcomes as positive variations with respect to his wage (i.e., r), but he also compares his final earnings with the final earnings of his peer (i.e., s). In the experiment, when taking the investment decision which determines the bonus, subjects can compare their possible final payoffs (including the bonus) with the final payoff of their co-worker.
To induce a clear social reference point, we implement a payment scheme such that, in every pair, both workers get the fixed part of their final earnings (i.e., the wage), but only one of the two subjects (randomly determined) is paid the relative part of his final earnings (i.e., the bonus). Thus, subjects are aware that, if they receive the bonus, their colleague does not, so that their colleague's final earnings coincide with their colleague's wage. 9 Hence, from the subject's perspective, his wage represents his individual reference point r, while the co-worker's wage represents his social reference point s. Obviously, a worker's individual reference point is also his co-worker's social reference point. Hence, allocating wages in a pair, we induce at the same time the individual and the social reference point for each of the two individuals.
Notice that the social reference point is fixed: it does not depend on the worker's investment decision nor on the chance move that determines the realization of the investment. As discussed in Section 2, our theory could accomodate a state-dependent s. We do believe that we could allow the social reference point to be state dependent also experimentally. However, a fixed social referent is more salient and makes social comparison easier, limiting the cognitive load imposed on subjects.
By manipulating wages allocation across pairs, we expose participants to different pairwise social comparison situations, characterized by the profile (r, s). We study how risk attitudes vary depending on the social situation with a between subjects analysis: conditional on the wage pairs, for some subjects the bonus task displays social gains, for others social losses. 10 Therefore, a subject can face either a downward comparison situation, when his final earnings are larger than his social reference point, or an upward comparison situation, when his final earnings are smaller than his social reference point. In particular, there are two possible wages, a low and a high one and every subject is assigned either wage with the same probability. We allocated wages so to have overall four possible profiles (r, s). For no wage profile (r, s) subjects can invert the (pairwise) social ranking with their investment decisions. 11 Indeed, the payoff structure of the bonus task is such that if a worker has the low wage and the co-worker has the high wage, what the worker can get with the bonus is not enough to make him earn more than his co-worker. Obviously, if a worker has either the same wage as his co-worker or the highest wage in the pair, his final earnings including the bonus would be certainly larger than his co-worker's final earnings.
The experimental design in detail
The experiment consists of two parts. Subjects complete both parts, but they are paid only for one of them, which is randomly drawn by the computer at the end of the experiment (with independent draws); the probability that the first part is paid is 10%. 12 Payoffs are expressed in Experimental Currency Units (ECU), whereby 1 ECU corresponds to 1 euro. Paper-based instructions for each part are distributed separately. At the beginning of each part, after reading the instructions, participants answer some control questions (displayed on the screen). After the second part and before the payments, participants answer a computer-based questionnaire.
The first part of the experiment consists of a risk elicitation task, which we use to classify the participants' risk attitudes in absence of a social environment. In the second and main part of the experiment, we reproduce the workplace environment by pairing every subject with a co-worker. Each pair then undertakes an effort task (work task ) that determines the workers' wages; afterwards, each worker faces a risky decision that can generate a bonus (bonus task ). For the first risk elicitation task and the bonus task we adopt the same procedure, which is described below in detail for the first of the two tasks.
First part: The risk elicitation task. To elicit participants' risk preferences, we use a Multiple Price List (MPL) format (Holt and Laury, 2002; Laury and Holt, 2005) . Subjects face a menu of ten choices between two lotteries (A and B) with two possible monetary outcomes each; lottery A pays either 2.00 ECU or 1.60 ECU, while lottery B pays either 3.85 ECU or 0.10 ECU. 13 Hence, lottery A is "safer" than lottery B. The ten choices in the task differ only in the probability distribution over monetary outcomes, while the stakes of these outcomes are fixed across choices. In the first choice, the probability of the unfavourable outcome of both options is 1 (as in Laury and Holt, 2005) and it decreases by 10% in each of the subsequent choices, down to 0.1 in the tenth and last choice. Therefore, a rational decision maker would choose lottery A in the first choice, since the unfavourable outcome (occurring with probability 1) of lottery A is larger than the unfavourable outcome of lottery B. As the probability of the unfavourable outcome decreases enough, a decision maker should switch to the "riskier" lottery B.
For what concerns risk preferences, risk aversion is measured on the basis of the number of consecutive safe choices made by the subject. Outcomes are such that a risk neutral decision maker would choose option A for the first five decision rows and option B for the remaining five; 11 We agree that to revert the social ranking could be a driving force for risky behavior. For instance, decision makers could attribute high value to being the first and this would constitute a plausible incentive to choose a risky investment in the bonus task. However, our concern in this paper is to study how the relative position in the social ranking per se affects the risk attitudes of the decision maker. 12 Not knowing which part will be considered for payment forces subjects to focus on every part as if it were the part actually paid. 13 These are the same stakes as in Holt and Laury (2002) .
a risk averse decision maker would choose option A for at least the first five rows, while a risk lover would choose option A for at most as many times. We modify the MPL format, by making the components of the decision problems as visual as possible. Figure 1 shows the screenshot of the risk task. The two options are displayed on the top of the screen and their possible outcomes are described by colored bars. The length of each bar reflects the amount of the monetary outcome and its color reflects whether the outcome is favorable (dark green) or unfavorable (light green). Right below these pictures there are the ten decision rows, whereby each row describes a choice. In each row, a pie chart represents the relative probabilities of the favorable and the unfavorable outcome of either option: the light green colored slice of the pie represents the probability of the favorable outcome and the dark green colored slice of the pie represents the probability of the unfavorable outcome. Relative probabilities are also indicated in numbers (in percentage terms).
In every decision row participants have to choose between option A and option B. They can make the ten decisions in any order and they can change their decisions at any time before pressing the ok button at the bottom of the screen. Moreover, they can freely switch back and forth from one option to the other.
First part: The payment. At the end of the whole experiment, the computer determines for each subject whether the first or the second part is paid. If this first part is paid, the computer randomly draws one of the ten decision rows (for each subject independently), the lottery chosen by the subject is played and paid out. Thus, the subject gets the realized outcome of the chosen lottery for the decision row that has been drawn plus a participation fee of 2.50 euros.
Second part: The work task. After reading the instructions for the second part, subjects are randomly paired with a co-worker and offered a contract. We offer every participant one of two contracts, contract E and contract F. Both contracts pay the work task either 2 ECU or 10 ECU, depending on a computerized coin toss, which will be played after the work task is completed, and provided that the worker completes the task (otherwise he gets 0 ECU). The two contracts differ in the extent that one pays the high wage of 10 ECU when head is tossed (contract E) and the other when tail is tossed (contract F). At this stage, participants are only informed about their own contract: they are not aware of the contract assigned to the co-worker and they do not know which wage they will earn. In every session, we allocated contracts in such a way that half of the subjects are assigned the 10 ECU wage and half the 2 ECU wage (subjects receive this information in the instructions). Notice that this contract allocation scheme ensures a fair wage distribution across all participants in a session and a procedurally fair wage distribution across co-workers in every pair. 14 The work task consists of two similar parts, each lasting a maximum of four minutes. If a subject does not complete either part, he gets 0 ECU. In each part, one has to write 20 combinations of two letters out of a given set of 10 letters (a, b, c, d, e, f, g, h, i, j, in the first part; k, l, m, n, o, p, q, r, s, t, in the second part). Participants cannot write in the same combination twice, and they cannot write in combinations already validated to their co-worker. If any of these two situations occurs, the participant receives an error message (two different error messages appear for the two specific situations) and has to write in another combination. This procedure creates a link between co-workers: by encountering each other during the work task (when they write in the same combinations) -or by knowing that there is the possibility that this happens -they get the perception of the existence of the other. In addition, when the work task is completed they are informed also about the wage realized by the co-worker. So, even if there is no competition between co-workers in the strict sense of a strategic interaction, we recreate a relation between them. 15 After the work task, participants who completed both parts of this task are told the result of the coin toss, 16 their own wage and the co-worker's wage.
Second part: The bonus task. We used a MPL format also for the bonus task. The task is very similar to the risk task contained in the first part of the experiment, the only difference being the stakes and some additional information displayed on the screen in the bonus task. Lottery A pays now either 4.00 ECU or 3.20 ECU, while lottery B pays either 7.70 ECU or 0.20 ECU. 17 As in the first part of the experiment, lottery A is safer than lottery B, the first choice assigns probability 1 to the unfavorable outcome and a rational decision maker would prefer lottery A in the first choice. In the bonus tasks, the two lotteries are presented as projects that can generate additional earnings for the worker and outcomes are presented as positive variations with respect to the wage previously earned. On the top of the screen we recall both the worker's and the co-worker's previous wage.
Both workers face the bonus task, but the task will be paid out only to one of them. If this is the case, the subject will receive the realized bonus on top of his previous wage, while his co-worker will receive only his previous wage. Each worker in a pair is selected with equal probability at the end of the experiment; we call the selected worker the team leader. The fact that the identity of the leader is unknown during the bonus task induces both workers to focus on the investment decision as if they were the leader: the bonus task has indeed 14 Obviously, exactly half of the subjects will actually get 10 ECU and half 2 ECU only when everybody in the session completes the task. 15 Notice that a more competitive interaction would generate emotions with an impact on the bonus task that would be out of our control. 16 There is a unique coin toss for all subjects in a session. 17 There are the same stakes as in Laury and Holt (2005) .
economic consequences for a subject only in case he is the leader. This procedure allows us to uniquely identify the social reference point as the co-worker's wage. For this reason, we made this mechanism very clear in the instructions and we insist on it in the control questions: if one is the team leader his choice in the bonus task becomes effective and the other worker gets only his wage. Our purpose is to make easier for subjects to compare their final payoff (which is outcome dependent) with the final payoff of their co-worker which is fixed at the co-worker's wage. 18 Figure 2 shows the screenshot of the bonus task.
Figure 2: Bonus task
Second part: The payment. If the second part is paid, one decision maker for each pair is drawn as the team leader. The leader gets the wage from the work task plus the realized bonus and the participation fee of 2.50 euros. To compute the bonus, we follow the same payment criterion as for the first part of the experiment: we pick one row for each team leader, we play the lottery out and we assign as a bonus the realized outcome of the lottery. Instead, the worker who has not been selected as a team leader gets his wage plus the participation fee of 2.50 euros.
Hypotheses and treatments
In this paper we focus on two research questions: Does social comparison affect risk attitudes? And, if this is the case, how do risk attitudes change across social situations?
To answer these questions, we focus on the link between risk attitudes and the four possible profiles of reference points that we induce in the experiment. Recall that the individual reference point r is the subject's wage from the work task, r ∈ {2, 10}, while the social reference point s is the co-worker's wage from the effort task, s ∈ {2, 10}. We divide subjects into four possible groups, whereby each group is identified by a certain realization of the wage profile (r, s). We perform a between subjects analysis and compare risk attitudes of subjects belonging to different groups.
Notice that, given the lotteries offered as choices in the bonus task, it is not possible for a worker with wage 2 paired with a co-worker with wage 10 to have a final outcome larger than his co-worker's one, not even by winning the highest possible bonus. Therefore, for subjects in group (2, 10) , the lotteries in the bonus task are prospects with social losses. Instead, for subjects in group (2, 2) , the lotteries in the bonus task are prospects with social gains. Hence, by comparing the behavior of subjects in group (2, 10) with that of subjects in group (2, 2), we compare risk attitudes in a social losses condition with risk attitudes in a social gains condition. However, as our theoretical predictions about risk attitudes in the social gains domain are ambiguous, we consider two additional groups, i.e., group (10, 10) and group (10, 2) . In these two groups the individual reference point is fixed and equal to 10, while the social reference point varies so to induce social gains that are larger in group (10, 2) than in group (10, 10) .
To summarize, we identify four possible social conditions:
-(2, 10): prospects with social losses;
-(2, 2): prospects with (small) social gains;
-(10, 10): prospects with (small) social gains;
-(10, 2): prospects with (large) social gains.
First of all, we will compare risk taking behavior across those groups that differ only in the social reference point, while r is constant, in order to verify whether we can reject the null hypothesis that relative status does not influence risk attitudes, that is:
H0 (Social comparison does not matter.) Risk attitudes do not differ neither across subjects facing social losses (group (2, 10)) and small social gains (group (2, 2)) nor across subjects facing small social gains (group (10, 10)) and large social gains (group (10, 2) ).
Notice that rejecting this hypothesis would provide support to the assumption that the social component of the value function G(·) is not linear (see Proposition 4) .
Secondly, we will investigate how social comparison influences risk attitudes. In order to do so, we will preliminarily test whether risk attitudes do not differ across groups (2, 2) and (10, 10). Indeed, according to our theoretical framework, subjects in group (2, 2) and in group (10, 10) should behave in the same way, given that in the bonus task they face the same variation with respect to the social reference point (x−s) and the same variation with respect to the individual reference point (x − r). We can state this hypothesis as follows:
H1 (Reference dependence.) Subjects in group (2, 2) behave as subjects in group (10, 10) .
The next two experimental hypotheses are related to the way in which risk attitudes change across social conditions. In our theoretical framework, we discussed the behavioral implications of a value function that displays prospect theory features in its social component G(·) (see Proposition 6) . Hypothesis H2 below relates to part (i) of Proposition 6, while H3 relates to part (ii) of the same proposition.
H2 (Risk aversion is decreasing in social gains.) Subjects in groups (2, 2) and (10, 10) are more risk averse than subjects in group (10, 2) .
This prediction is derived from the assumption that the social component of the value function is decreasing in the social gains and that, for the group with smaller social gains (i.e., (2, 2)), the social risk aversion is higher than the risk aversion of the private component. Notice that, given our experimental setting, these two assumptions are not directly testable. However, as our theoretical model accounts for different risk attitudes in the social gains domain, we want to verify whether we do indeed observe different risk attitudes depending on how far one's outcome is from the social reference point. 19 In accordance with part (ii) of Proposition 6, hypothesis H3 below predicts that individuals display more risk aversion in presence of small social gains than in presence of social losses.
H3 (Risk aversion in social gains is larger than risk aversion in social losses.) Subjects in groups (2, 2) and (10, 10) are more risk averse than subjects in group (2, 10) .
Hypothesis H3 is silent on the comparison between risk attitudes in group (2, 10) and group (10, 2) . Indeed, we learned from our theoretical analysis that the relation between the risk attitudes of groups with social losses and of groups with social gains depends on whether the social component of the value function associated with these social gains displays more risk aversion than the private component. As social risk aversion is decreasing in social gains it is more likely that this condition is satisfied for small than for large social gains. If this is the case, we have a clear ranking between the risk attitudes in the two regions.
To summarize, if we consider social gains for which it holds true that the social risk aversion is higher than the private risk aversion, we can compare the risk attitudes in presence of such gains both with the risk attitudes in presence of larger social gains (as in hypothesis H2) and with the risk attitudes in presence of (any) social losses (as in hypothesis H3).
Participants and Procedures
We ran the experimental sessions in March and in July 2013 at the lab of the Max Planck Institute of Economics in Jena. We recruited 436 participants from various disciplines at the local university using the ORSEE software (Greiner, 2004) . We ran 14 sessions in total. The average age of participants was approximately 24. The experiment was programmed and conducted with the software Z-tree (Fischbacher, 2007) and lasted approximately one hour. The average earnings in the experiment have been approximately 10.20 euros (including a 2.50 euros participation fee). Upon arrival at the laboratory, subjects were randomly assigned to one of the computer terminals. Each computer terminal is in a cubicle that does not allow communication or visual interaction among the participants. Participants were given time to privately read the instructions for each part of the experiment and were allowed to ask for clarifications.
In order to check the understanding of instructions subjects were asked to answer some control questions (after reading the instructions of each part). Each part of the experiment started after all subjects correctly respond to the control questions. At the end of the experiment subjects were paid in cash, after the completion of the questionnaire. Privacy was guaranteed during the payment phase.
Experimental Results
Before going into the discussion of our experimental results, we present a preliminary analysis of the risk preferences of the participants as elicited in the first part of the experiment.
The first thing to notice is that the visual application of the risk elicitation task by Holt and Laury (2002) and Laury and Holt (2005) is very efficient in producing consistent results. In particular, we only focus on subjects who do not start from the dominated lottery in the first row and do not switch multiple times in either task. Overall, 424 out of 436 subjects display none of such inconsistencies. The largest number of mistakes is made in the first task, whereby 11 subjects make multiple switches between the lotteries, and one of them also starts from the dominated lottery in the first row. In the bonus task only 6 subjects switch multiple times (5 of which had also inconsistencies in the first task), while nobody starts from the dominated lottery; so that overall only 12 subjects display one or more of these inconsistencies. We drop these 12 subjects from the sample. This result is particularly interesting if one considers for example that Laury and Holt (2005) have 44 subjects out of 157 who present multiple switches.
Moreover, there are 4 subjects who did not complete the work task, and for this reason got a zero wage. We drop these subjects and also their co-workers from the sample, as we believe that different incentives and mechanisms of social comparison may operate in case a failure of one of the members of the team gives rise to wage inequality.
Therefore we drop from the sample 19 subjects overall. 20 We focus only on the remaining 417 subjects who start from the dominant lottery (lottery A) in the first row and switch to the riskier one only once. In order to evaluate the risk attitudes of these subjects we can hence use the number of (continuous) safe choices in either of the two risk elicitation tasks as a measure of their degree of risk aversion. As discussed in Section 3.1, in each task a risk neutral subject would switch exactly at the fifth row, a risk averse subject would switch after the fifth row, and a risk lover would switch before it. Table 1 provides a classification of the subjects according to the risk type that is implied from the individual risk elicitation task. We are going to use this information in order to test H2 and H3 which are related to theoretical results derived from the assumption that individuals are risk averse in an environment without social comparison. Moreover, the individual risk elicitation task allows us to control for the individual risk attitudes when we analyze the effect that social comparison has on the behavior of subjects in risky choices. This is particularly helpful because we perform a between subjects analysis of the effect of social comparison; by introducing a measure of individual risk aversion we can isolate the social component in a more precise way. However, we do not compare directly the measures of risk attitudes derived in the first and second risk tasks for several reasons. First of all, the lotteries used in the two tasks are different and, therefore, the two measures are not directly comparable. Moreover, the framing of the problem is different: in the first case the risk task is introduced as a single set of choices made in absence of a social context; the bonus task is instead part of a longer task, which includes also the work task, and moreover it is characterized by the presence of a co-worker and more information on the screen itself. Finally, the individual risk task always comes first, as we do not randomize the order of the two parts of the experiment. Let us introduce our analysis by showing some preliminary descriptive statistics of our measure in the four different groups, defined by the pair (r, s). Table 2 shows for each group the average number of continuous safe choices in the bonus task, its standard error, its 95% confidence interval and the number of subjects that belong to the group itself.
Notice that the regions where both subjects in the pair have received the same wage have a higher average number of safe choices; the variations between the regions may not seem relevant, however we must notice that the MPL format has a tendency to induce a large concentration of switches around 5 or 6. 21 We perform a between subjects analysis to study whether and how the presence of social comparison affects risk attitudes. We conduct such analysis using OLS. The regressions we run for the main analysis follow the general model of equation (6), where the dependent variable SCB is the number of consecutive safe choices in the bonus task, X stands for the relevant regressors for the analysis, and Z contains the additional individual controls. We describe more in detail the variables of interest in the list below.
Dependent variable (SCB). It is the number of consecutive safe choices in the bonus task. The higher is SCB, the higher is the risk aversion of subjects. It can take values from 1 to 10.
Regressors of interest (X).
Depending on the specification, we use the following regressors (summary statistics are included in Table 13 contained in the Appendix):
-SCI: it is the number of consecutive safe choices in the risk elicitation task; as SCB, it can take values from 1 to 10;
wage: it is the wage that the subject receives for its work task; it can be either 2 or 10;
-D(2, 10): it is a dummy that identifies subjects who belong to the group (2, 10);
-D(10, 2): it is a dummy that identifies subjects who belong to the group (10, 2);
envy: it is a subjective emotional evaluation derived by question (12) from the final questionnaire; subjects are asked to state how much envy (among other emotions) describes their feeling in the bonus task, where the possible answers go from "Not at all" (coded as 1) to "Perfectly" (coded as 5).
Other individual controls (Z). We include in our regressions also individual controls that come from the final questionnaire. In particular, we focus on age, gender (where 0 is female) and height (expressed in cm). 22 The sample characteristics of these variables are summarized in Table 13 , contained in the Appendix; in the same table we also report subsample characteristics across the four groups defined by the pairs (r, s), from which it is possible to notice that the sample is quite homogeneous. We focus on three specifications. First of all, we split the sample in two subsamples: subjects who received wage 2 and subjects who received wage 10. On each subsample, we regress the dependent variable SCB over the individual measure of risk attitudes (SCI) and the relevant dummy for the social comparison (i.e., D(2, 10) for the group with wage 2 and D(10, 2) for the group with wage 10) in order to have an initial look at the effects that social comparison has on subjects' risk attitudes. We do this twice for each group, both with and without the individual controls; results are included in Table 3 , columns (1)-(4).
Then we focus on the group of workers who have the same wage as their co-worker. For this subset we run two regressions, one with individual controls and one without them, that can be found in Table 4 . In each regression we investigate, by including the wage as a regressor, whether the behavior of subjects who belong to the group (2, 2) can be distinguished from the behavior of subjects in the group (10, 10) . Notice that for subjects in these two groups the choices performed in the bonus task display the same differences (x − s) and (x − r).
We see that subjects with a wage equal to their co-worker's wage are not distinguishable on the basis of their level of wage. This provides evidence in support of H1, as indeed the behavior of subjects in group (2, 2) is not distiguishable from the behavior of subjects in group (10, 10) .
We can therefore aggregate subjects with a low and a high wage in the same regressions to verify whether and how the behavior of subjects with a higher (D(10, 2) = 1) or lower (D(2, 10) = 1) wage (with respect to their co-worker's one) differs compared with the behavior of subjects who start the bonus task from the same wage level. Results are displayed in columns (5) and (6) of Table 3 .
Furthermore, we can notice that in every regression there is a strong correlation between social risk attitudes and individual risk attitudes: the effect of SCI on the number of safe choices in the bonus task is positive and strongly significant everywhere. Moreover, the other individual characteristics that we introduce do not have a significant effect. 23 Now we analyze in detail what the experimental data can tell on H0, H2 and H3. 
Social comparison matters
We want to verify whether we can reject H0, by checking if risk attitudes are indeed influenced by the social condition in which the subject found himself when choosing among risky lotteries.
To do so, we first look at the effects of the social condition on subjects with wage equal to 2 and on subjects with wage equal to 10 separately.
From the first two columns of Table 3 , we can observe that given a wage equal to 2, there is a negative effect of the co-worker's wage s on risk aversion, as the coefficient of the dummy D(2, 10) is negative; however, such effect is not significant, when we look at the subsample of workers with a low wage.
Within the group of subjects with wage equal to 10, there is a positive effect of the co-worker's wage s on risk aversion, and such effect is significant.
Alternatively, we can state these results as follows:
• Subjects in group (2,10) are on average less risk averse than subjects in group (2,2), but the difference is not significant.
• Subjects in group (10,2) are on average significantly less risk averse than subjects in group (10, 10) .
These two results imply that for a given wage, risk attitudes vary with the wage of the co-worker. As we fix r, it must be the case that the curvature of the social component G(·) depends on s. This implies that our social component G(·) cannot be linear (see Proposition 3); therefore, we can reject the null hypothesis (H0). As we noticed, the effect is stronger and more significant for D(10, 2) than for D(2, 10). We will discuss in Section 5.1 how this may be due to subjects with lower wage being more prone to experience envy.
As we observed from Table 4 , subjects in groups (2, 2) and (10, 10) cannot be distinguished according to their wage; hence, we pool them together and we perform the same analysis on the whole sample of subjects. The results, shown in columns (5)-(6) of Table 3 , confirm the same pattern, with the addition that the coefficient of the dummy D(2, 10) is now significant as well.
We can then conclude that social comparison does indeed affect the risk attitudes of individuals.
We should also consider whether the co-worker's wage is really what subjects consider as social reference point. Theoretically, in a keeping up with the Joneses spirit, subjects could also take as reference point (an estimate of) the average final outcome of the population. Subjects in groups (10, 2) and (10, 10) are in the best possible initial condition when facing the bonus task. Hence, even if they may find it difficult to formulate a correct estimate of the population average, given the available information, they may easily expect to get a final outcome which is above the average final outcome of the population. 24 Given that they share the same r, the same x and the awareness of being above the average, this can be rationalized only by consideration of the fact that their social reference point differs.
Our experimental evidence is also inconsistent with a keeping up with the winners phenomenon, according to which subjects take as reference point the highest possible earnings in the population. 25 In our experimental setting the winners would be subjects who get a wage of 10 and who are selected as project leaders, getting a final outcome certainly larger than 10. Subjects with a low wage, i.e., subjects of groups (2, 2) and (2, 10), share the same r, the same x and the same disadvantageous social condition compared to the winners. Still, the risk taking behavior in the bonus task does differ across these two groups.
Taken together, these observations provide support to the assumption that what subjects consider as social reference point in our experimental setting is indeed the co-worker's wage.
Risk-taking behavior across social conditions
To better analyze the effect of social comparison on the risk-taking behavior displayed in the bonus task, we distinguish subjects on the basis of the risk attitude they displayed in absence of a social environment (i.e., in the risk elicitation task of the first part). 26 In this section we replicate the above analysis that we proposed above for the subsample of subjects who displayed risk aversion or risk neutrality in the risk elicitation task of the first part. Notice that this subsample constitutes the large majority of subjects (347 out of 417). Similarly to Table  2 , Table 5 provides the average number of consecutive safe choices across groups within this subsample of subjects. In Section 5, we will shortly discuss the experimental results regarding the small subsample of risk lover subjects.
The reason for splitting the sample is that the implications of our theoretical model depend on the curvature of the individual component of the value function. In the theoretical section, we assumed that individuals are risk averse in absence of a social context (i.e., u(·) is concave) and in presence of individual gains as in prospect theory, and we studied the implications of social comparison under this assumption. 27 We discussed also that such implications would not change in case u(·) was linear. Instead, if we assumed convexity of u(·), it would not be possible to say something conclusive about the impact of social comparison on risk taking behavior. If we analyze the results of Table 6 , we can notice from columns (1)-(2) that the dummy D(2, 10), that identifies the group of subjects in a social losses condition, has a significant and negative effect on the number of safe choices made in the bonus task. As confirmed by Table 7 , we can pool together groups (2, 2) and (10, 10), i.e., subjects who have the same wage as their co-worker. If we consider columns (5)-(6) of Table 6 , we notice that the effect of the dummy D(2, 10) is even larger and more significant. Similarly, columns (3)- (6) show that also the dummy D(10, 2), which identifies the subjects in a context of large social gains, has a negative effect on the number of safe choices made in the bonus task. Aggregating all this information, we can conclude that subjects display a lower degree of risk aversion in presence of large social gains (group (10, 2)) than they do when facing small social gains (groups (2, 2) and (10, 10)), as predicted by H2. Moreover, we find that subjects display a lower degree of risk aversion in presence of social losses (group (2, 10)) than they do when facing small social gains (groups (2, 2) and (10, 10)), as predicted by H3.
We can interpret these results as follows. Subjects in group (2, 10) take more risks compared to subjects in groups (2, 2) and (10, 10) because they may want to reduce the social distance from their peer. In addition, subjects in group (10, 2) take more risks than subjects in groups (2, 2) and (10, 10) because of a relative wealth effect. Indeed, subjects who are far above the peer's outcome feel relatively much richer compared to subjects who are slightly above it and, thus, choose risky situations more easily. As we can observe from Tables 2 and 5, we do not find any significant difference in risk taking behavior between subjects in group (2, 10) and subjects in group (10, 2).
Further analysis 5.1 Envy
We showed in Section 4 that upward and downward social comparison fosters risk taking behavior. We also found that the effect of the dummy D(10, 2) is larger and more significant than the effect of the dummy D(2, 10). A plausible behavioral explanation of this phenomenon is that the social losses condition may trigger different and conflicting emotions. On the one hand, disadvantaged subjects may be willing to take more risks in order to catch up with their peers; on the other hand, they may be willing to choose the safer option because they anticipate the envy they would feel in case the bad outcome occurs and they fall far below their peer's status. Using the information contained in our final questionnaire, we can investigate whether the second relation appears to be at work and how. First of all, it has to be said that a propension to envious feelings is triggered by a specific relative position in the social ranking. Table 8 provides the descriptive statistics of our measure of envy: we can observe that on average envy is higher for subjects in group (2, 10) than for subjects belonging to other groups. 28 Using the data from the experiment, we check whether the relation between envy and risk attitudes in a social context occurs in our data. Table 9 shows that, by including envy among the controls, there is an increase in the size of the coefficient of D(2, 10) and such coefficient becomes significant also in the subsample of subjects with low wage. We interpret this as follows: the propension to envy increases the risk aversion of the individuals, and countervails the increase in risk lovingness due to the social comparison effect. The propension to envy is significantly higher in subjects from group (2, 10) ; therefore, when we perform the analysis without including envy as a control, we underestimate the effects of social comparison on the risk attitudes of subjects belonging to this group. The analysis contained in Table 9 may however suffer from an endogeneity problem: the final questionnaire elicits the feelings of envy after the subjects know their own payoffs. Therefore, there could be an endogenous relation between the risk attitudes of a subject, his choice in the bonus task, his final payoff, and the envy he declares in the final questionnaire.
To control for this, we run a regression focusing only on subjects who have the same payoff, equal to 4.5. These are the subjects who received a low wage from the work task (i.e., 2), at the payment stage had the second part of the experiment selected and were not selected as team leader. For these subjects the risk attitudes in the bonus task did not influence the final payoff, given that the bonus task was not paid to them; therefore, the reported envy cannot be endogenous.
From the analysis of the results contained in Table 10 it is possible to see that the effect of envy is indeed to significantly increase the risk aversion of the subjects.
Inequity aversion
To interpret the influence of social comparison on risk taking behavior, we could alternatively adopt the perspective of a model with inequity aversion. The traditional functional form of inequity averse preferences introduced by Fehr and Schmidt (1999), adapted to our context with two reference points, would become:
v(x, r, s) = u(x − r) − α max{s − x, 0} − β max{x − s, 0} where β ≤ α and β ∈ [0, 1). This specific model of inequity aversion, that has been extensively use to interpret experimental data, cannot explain our results, as the component that depends on the social comparison is linear, and therefore it does not influence the risk attitudes of individuals. Thus, it cannot explain the empirical variation that we find in subjects' risk attitudes across social situations. If one assumes that the social component of the above utility function has a convex or concave curvature it is possible under some specific parametric assumptions to explain the comparative statics that we find. 29 A second objection to the possible interpretation of our findings in terms of inequity aversion can be derived by the analysis of subjects' self-reported happiness as it can be found in the final questionnaire. We focus on the subset of subjects 30 who have been paid for the second part of the experiment, the one with social comparison, and who received a final payoff higher than their co-worker's one. For these subjects we regress self-reported happiness on the co-worker's payoff, controlling for own payoff, and for the status of team leader. 31 In Table 11 we see that, as expected, happiness is increasing both in own payoff and in 29 Notice, however, that the risk behavior of the inequity averse utility function does not depend uniquely on the curvature of the function itself, or on the relation between the curvature of G(·) and u(·); instead, it is also particularly sensitive to the relation between the first derivative of the social component and the first derivative of the individual component of the utility; therefore, in order to use inequity aversion to explain the data, we should also assume that the variation among the subjects in terms of all these relations is negligible, as the data show a robust pattern of relation between risk attitudes and social comparison. 30 We consider subjects characterized by any possible risk attitude. 31 The self-reported happiness experienced by subjects is derived by question (12) from the final questionnaire; subjects are asked to state how much happiness among other emotions describes their feeling in the bonus task, where the possible answer go from "not at all" (coded as 1) to "perfectly" (coded as 5). the team leader status; it is however decreasing in the co-worker's payoff. This contradicts, for our data, an interpretation that considers inequity aversion as the main driver of the relation between utility and social comparison: concerns for inequity aversion, in fact, would predict that subjects who earn more than their co-worker have, keeping everything else equal, a higher utility the higher is their co-worker's payoff, while we find an empirical relation that goes in the opposite direction.
Risk lovers
We performed the main analysis both for the whole pool of subjects and for subjects who displayed risk averse (or possibly risk neutral) behavior in the risk elicitation task of the first part of the experiment. For the sake of completeness, we replicate in the Appendix the same analysis for the group of subjects who displayed risk loving behavior in the risk elicitation task. Our theoretical analysis does not deliver predictions for decision makers characterized by a convex individual component u(·); however, if we extended the analysis of the theoretical results, we would find that a G(·) function compatible with the usual prospect theory assumptions, would induce, for prospects with social gains, the same pattern as with a concave u(·): there should be more risk averse behavior in subjects facing small social gains as compared to subjects facing large social gains. The theoretical results would be, however, inconclusive for social losses, as they would depend on the relation between the degree of risk lovingness of u(·) and of G(·).
It is possible to notice from Table 12 that the comparative statics of risk lovers are similar to the comparative statics of the other subjects. Tables 15 and 16 contained in the Appendix show that this seems indeed to be the case also in a more accurate analysis, even though the small sample size of risk loving subjects implies that the relation between risk attitudes and social comparison is no longer significant. 
Discussion and conclusions
In this paper, we analyzed the influence that social comparison may have on the risk attitudes of decision makers, with a particular attention to the effects on the risky decisions taken by subjects acting in a social environment like a workplace. We found that the social situation in which the decision maker finds himself when he faces a risky decision does indeed affect his choice; moreover, we found that individuals appear on average more risk averse in a situation of small social gains, than they are when they face social losses or large social gains. At the beginning of the paper we provided a theoretical framework, characterized by two additive components, one depending on the distance between outcomes and an individual reference point, and one depending on the distance between outcomes and a social reference point, that helps us to interpret such results.
The analysis performed in the previous sections suggests that the experimental evidence is consistent with our theoretical framework; we admit however that we did not provide a formal test of our model, and that there may be alternative models that may explain some of our results. In particular, there is an alternative explanation that we cannot fully exclude: it could be that workers' risk attitudes depend not on the relative position of their final outcomes with respect to their social referents, but to the initial inequity between their position (i.e., their wage) and their co-worker's position (i.e., the co-worker's wage). In this case, our results should be re-interpreted in the following sense: the introduction of wage inequity increases the risk loving behavior of the workers, both in the case in which the worker benefits from the wage inequity and in the case in which the worker is damaged by it. A unique interpretation of this phenomenon, that can explain the behavior in both regions, is difficult to find. However, this effect could be the composition of two separate effects: in the social losses regions, as in our model, the worker may become more risk lover (less risk averse) to try to minimize the social loss; on the opposite side, when facing wage inequity that benefits him, and that cannot be reverted by any of the choices that he makes, a worker may feel that he can choose the risky lottery more easily, because his position in the ranking is already safe.
Our design does not allow us to fully exclude such alternative interpretations. However, it is hard to find a model that explains at the same time our empirical findings on subjects who suffer disadvantageous wage inequity and on subjects who enjoy advantageous wage inequity. Our theoretical model provides instead a unique explanation for the experimental evidence regarding the behavior of subjects across all four wage groups.
Another issue that deserves some discussion is the relation between our results and the evidence found by Linde and Sonnemans (2012) in the experimental work that is closest to our paper. The authors investigate in their experiment the possible link between social comparison and risk attitudes, as we do, and find a monotone ordering of their social situations: their data suggest that risk aversion decreases moving from social losses to a neutral setting, and decreases even more in presence of social gains.
Their "neutral" treatment is not directly comparable with our results, as in such treatment the subject determines which lottery will be played not only for himself but also for the other person (which corresponds in their setting to our co-worker). However, even excluding the neutral setting from the comparative statics, their results differ from ours, as in their data risk aversion is higher in social losses than in social gains; we find instead that risk aversion in social losses and in large social gains is not distinguishable and significantly smaller than in small social gains.
There are few main differences in the two experimental designs that may explain the difference in the results, and that may provide interesting insights for further investigation on the existing links between social comparison and risk attitudes.
First of all, the risk elicitation method and the empirical strategy differ among the two experimental studies. We use an MPL format in which subjects face only one social situation; given this method, we perform a between subjects analysis. Subjects in the experiment conducted by Linde and Sonnemans, instead, face 42 choice situations randomly spread across social gains and social losses; this allows Linde and Sonnemans to perform a within subject analysis. Moreover, the two experiments differ substantially in the tasks that precede the risk elicitation task.
These aspects of the design may influence the resulting link between social comparison and risk attitudes by inducing a different emotional status in the subjects. We discussed in Section 5.1 how a more envious attitude is significantly correlated with a higher risk aversion, and how this attitude is more likely to occur in social losses. Some of the specific features of the experiment conducted by Linde and Sonnemans, in particular, the fact that the subjects face both gains situations and loss situations, may induce a higher degree of envy in the subjects when they face a loss situation; this could explain the different comparative statics across social situations derived from the two experimental designs.
In this paper we chose to focus on the effects that social comparison per se has on the decision makers' risk attitudes. For this reason, we investigated the choices of subjects in social situations that involved individual gains and either social gains or social losses. Our future research is therefore oriented in two directions. First of all we want to analyze the behavior of subjects who also face prospects that may revert the social ordering, that is prospects that have outcomes both in the social gains and in the social losses domain. This, in comparison with the results of this paper, should allow us to disentangle the pure effects of social comparison from the effects on risk aversion that are induced by the decision maker's desire of improving his position in the social ranking. Moreover, considering prospects with a mixed social domain should allow us to study the possible presence of social loss aversion.
Secondly, we want to analyze more deeply the interaction between the two reference points, the individual and the social one, to understand how internal habits and external habits jointly influence the decision making process. In order to do so, we plan to run further experiments in which we will have subjects facing also prospects that display individual losses and social gains, or individual losses and social losses.
Further elaborating on the mechanisms through which social comparison affects risk attitudes may prove a fruitful avenue of future research, as risk taking behavior can have a relevant economic impact. Our experimental work emphasized that, besides being an important aspect in the well-being of economic agents and having important behavioral implications in labor relations settings (e.g., effort and performance), social comparison is also a determinant of risk taking behavior. In particular, we concluded that large differences in workers' earnings can produce more risk loving behavior. Hence, we suggest that social comparison is a possible channel to control for the excessive risk taking that has been largely observed in investment banks and aknowledged as one of the possible causes of the financial crisis. The bonus component of the bankers' pay constitutes a strong incentive to choose risky investments, which increase short term performance, but are harmful for the investment bank stability. Recently, there has been much attention on which are the optimal managers' payment schemes that can help in reducing the risks assumed by the investment banks. As the Federal Reserve Board emphasizes in the Guidance on Sound Incentives Compensation Policies (2010), the payment scheme of investment banks employees should "provide employess incentives that appropriately balance risk and reward" (Federal Register, 2010, Vol. 75, No. 122) Social comparison constitutes one of the possible non-monetary incentives on which investment banks can rely to control for excessive risk taking. B.1 Independent variables   Table 13 shows the summary statistics of the independent variables for the 347 subjects considered in the main analysis. Table 14 shows that subjects belonging to group (2, 2) and (10, 10) do not differ even if we include envy among the regressors. Tables 15 and 16 replicate the main analysis for subjects who display risk loving behavior in the individual risk task (SCI < 5). Please note that it is not allowed to talk with other participants during the entire experiment. If you have any question, please raise your hand. We will come to you and answer your question personally. If you violate these rules, we are forced to interrupt the experiment. Please turn off your mobile phones from now and keep notes, books and food out of your cabin.
B Additional Tables

B.2 Envy
B.3 Risk lovers
The experiment will last about 45 minutes. You will be paid a participation fee of 2,50 EURO for completing the experiment. Your final earnings today will depend on your own actions and some element of chance. Earnings will be computed in ECU (Experimental Currency Unit) where
The experiment will consist of TWO PARTS. At the start of each part you will receive instructions about that part. Only one part will affect your final earnings: the first part has 10% of chances of being paid, while the second part has 90% of chance of being paid. At the end of the experiment, the computer will determine which part you will be paid for. Since you cannot know in advance which part will be drawn for your payment, we recommend you to focus on each part as it was the part which will determine your earnings. You will be paid in cash at the end of the experiment, after you provide your answers to a questionnaire.
C.1.2 Instruction for PART I
The first part of today experiment will consist of a decision task.
The decision task consists of ten choices between Option A and Option B; each Option is a lottery which can give you by chance either a favorable monetary outcome or an unfavorable monetary outcome. The favorable and the unfavorable outcomes of Option A and the favorable and the unfavorable outcomes of Option B are represented in a bar graph on the top of the screen. An outcome is identified by a bar whose size reflects the amount you can earn, which is also indicated with numbers in the picture.
For every Option, the favorable outcome is the larger gain (the longer bar, which is dark green 32 ), while the unfavorable outcome is the smaller gain (the shorter bar, which is light green 33 ).
For example, consider the following picture, which is an example of a pair of Options:
If you choose Option A, and by chance the favorable outcome occurs you gain the payoff written on the top of the dark green bar (i.e., + 4 ECU). If the unfavorable outcome occurs, you gain the payoff written on the top of the light green bar (i.e., + 3 ECU).
Below the bar graph you will find ten decision rows: for each row you have to make a choice between Option A and Option B. The chances of the favorable outcome and of the unfavorable outcome change across rows and are represented by pie charts. The dark green slice of the pie represents the chances of the favorable outcome and the light green slice of the pie represents the chances of the unfavorable outcome; next to each pie chart you will also see in percentage terms the chances of the favorable outcome written in dark green and the chances of the unfavorable outcome written in light green. In the row that corresponds to each pie chart you have to select either Option A or Option B by clicking on the relevant button. In the following picture, below the bar graph, you can see an example of one of the ten decision rows you will visualize in the task:
In this decision row, in each lottery, the favorable outcome may occur with 30% of chances and the unfavorable outcome with 70% of chances. In Option A you may get +4 ECU with 30% of chances and +3 ECU with 70% of chances. In Option B you may get +8 ECU with 30% of chances and + 2 ECU with 70% of chances. Given this information, you have to make a choice between Option A and Option B.
To summarize you will make ten decisions between Option A and Option B. You may choose A for some decision rows and B for other rows, and you may change your decisions and make them in any order. When you are done, you have to click on the Submit button to proceed to the following part of the experiment. The computer will allow you to submit and proceed only once you made all the ten decisions.
Payment of PART I
At the end of the whole experiment, the computer will randomly select which part of the experiment will be paid out: this part has 40% of chances of being paid out.
If this first part of the experiment is selected to be paid out the computer will select by chance one of your ten decision rows: each decision row has an equal chance of being drawn. Notice that even though you will make ten choices only one of your choices will end up affecting your final earnings, but you will not know in advance which choice will be used. Each choice that you make has an equal chance of being used in the end.
Finally, the computer will play the lottery corresponding to the Option you chose for the decision row which has been drawn: Chance determines whether you will be paid the good (dark green) or the bad (light green) outcome of that Option.
C.1.3 Instructions of PART II
General instructions for PART II
In PART II of today experiment you will be paired at random with another subject, who will be your co-worker for all the rest of the experiment. Each one of you will be assigned a contract, which determines the wage you will get for performing a certain work task. Then you will perform the work task and your wages will be computed.
After your wage is determined, you have the opportunity to gain a bonus on top of this wage by performing a decision task which is very similar to the one you faced in PART I of today experiment. Indeed, in order to get a bonus, you have to choose between two projects (A and B) which have two possible realizations each: a favorable and an unfavorable monetary outcome.
Detailed instructions for PART II
Your contract
Each one of you will be assigned either Contract E or Contract F which establish your wage for the next work task. In both contracts your wage is either 2 ECU or 10 ECU depending on the result of a computerized fair coin toss. The two contracts differ in the following sense:
• Contract E pays 10 ECU if the result of the coin toss is HEAD, while it pays 2 ECU if the result of the coin toss is TAIL.
• Contract F pays 2 ECU if the result of the coin toss is HEAD, while it pays 10 ECU if the result of the coin toss is TAIL.
Therefore, your wage will depend partly on your given contract and partly on chance. Suppose the result of the coin toss is HEAD: those of you with Contract E will get a wage of 10 ECU, while those of you with Contract F will get a wage of 2 ECU. Instead, if the result is TAIL, those of you with Contract E will get a wage of 2 ECU while those of you with Contract F will get a wage of 10 ECU. Notice that the two contracts are equivalent, the only difference being that one pays a high wage when HEAD and the other when TAIL.
Work task
This task consists of two similar parts lasting a maximum of 4 minutes each. NOTICE: If you do not complete both parts of the task within the time limits your contract will not be enforced and you will get a wage of 0 ECU for this work task!.
The first part consists of writing 20 combinations of two letters from the set of letters A, B, C, D, E, F, G, H, I, J which is displayed on the top of your screen.
You have to insert each combination (for example: AE, GI, FB,) in an empty box (in capital letters, without commas or spaces between the letters) and then click on the ok button. You will see 20 empty boxes (with the corresponding ok buttons next to them) arranged on two columns on your screen. You will start to fill the first column and then the second, starting from the first box at the top of the left column and ending with the last box at the bottom of the right column.
You can choose whichever combination of letters; you can also choose twice the same letter in a combination (e.g., AA). There are only two restrictions: 1) if you insert a combination which has been already inserted by your co-worker, this combination will not be validated 2) if you insert a combination you already inserted yourself, it will not be validated.
In both cases, after you press the ok button, you will receive an error message which invites you to find a new combination to fill the box with.
If instead after pressing the ok button your combination is validated, you will see a green circle on the left of the combination.
Please notice that it is very important that every time you insert a combination you press immediately the ok button, otherwise your combination cannot be validated. Also your combinations will not be validated if you do not press the confirm button at the end of the task.
The second part of the work task is very similar to the first part, except for the set of letters you can combine: you have to fill the boxes now with 20 combinations of two letters from the new set of letters K, L, M, N, O, P, Q, R, S, T (displayed on top of your screen). The same restrictions as above hold.
Payment of the work task
After you completed both parts of this work task, you will know the result of the coin toss (HEAD or TAIL) that determines your wage and the wage of your co-worker. You will be informed about both wages.
Bonus task
You will face now a decision task which is very similar to the one you saw in the first part of the experiment. Both you and your co-worker will face this task, however only the task of one of you will be paid out. You will receive the payment of this task, the bonus pay, only if you will be selected as the team leader. You and your co-worker have the same chances (50%) of being selected as team leader, but you will not know in advance who will be the leader. The bonus pay will be added to the previous wage of the team leader only. We describe the bonus task very briefly because it is very similar to the decision task of PART I. Indeed, the bonus task consists of ten choices between Project A and Project B; each Project can be successful or unsuccessful. If a Project is successful, it gives you a high bonus (represented by the dark green bar). If a Project is unsuccessful, it gives you a low bonus (represented by the light green bar). The possible bonuses from each Project are represented in a bar graph displayed on the top of the screen.
Below the bar graph you will find ten decision rows: for each row you have to make a choice between Project A and Project B. The possible bonuses that Project A and Project B can give you are for all ten decisions those described in the bar graph; the chances of the high or the low bonuses change across rows and are described by pie charts. The dark green slice of the pie represents the chances of the high bonus and the light green slice of the pie represents the chances of the low bonus; chances in percentage terms are indicated next to each pie chart.
In the row that corresponds to each pie chart you have to select either Project A or Project B, given the chances of the higher and lower bonuses. As in the decision task of PART I, in the bonus task you will make ten choices: for each decision row you will have to choose between Project A and Project B. You may choose A for some decision rows and B for other rows, and you may change your decisions and make them in any order. The computer will allow you to submit and proceed only if you made all the ten decisions.
Payment:
At the end of the bonus task, the computer will randomly select which part of the experiment will be paid out to you and your co-worker: PART II has 90% of chances of being paid out. The random selection will be the same for the pair of you, so that if you are paid PART II, also your co-worker will be paid PART II.
If PART II of the experiment is selected to be paid out the computer will select by chance either you or your co-worker to be the team leader. Each one of you has 50% of chances of being selected as team leader. Notice no choice you made in the experiment influences the selection of the team leader that is completely random.
The computer will then select by chance one of the ten decision rows of the team leaders decision task; each one of the team leaders 10 decision rows has an equal chance of being drawn.
Notice that even though you and your co-worker will make ten choices only the team leader will receive the bonus and only one choice of the team leader will determine this bonus, but none of you will know in advance who will be the team leader and which choice will be used.
Finally the computer will play the lottery corresponding to the Project that the team leader chose in the decision row which has been drawn: Chance determines whether the team leader will be paid the high (dark green) or the low (light green) bonus for that Project.
If you have been selected as the team leader, your final pay is given by the show-up fee, the wage from the work task and your realized bonus; your co-workers final pay in this case consists of the show-up fee and his/her wage only.
If you have not been selected as team leader your final pay is given by the show up fee and your wage only; your co-workers final pay in this case is given by your co-workers show up fee, his/her wage from the work task and his/her realized bonus.
You will then answer a questionnaire and get your final pay in cash.
C.2 Questionnaire
We will keep your information strictly confidential. Please answer the following questions as much carefully and accurately as possible.
(1) How old are you?
(2) What is your gender?
(3) What is your nationality?
(4) How tall are you?
(5) What do you study? (6) What is your weekly budget? -Happiness (1 or 2 or 3 or 4 or 5) (13) What did it matter more in the second part of the experiment: the comparison of your wage (2 or 10 ECU) with the wage of your co-worker (2 or 10 ECU) or the comparison of your wage with the average wage that the subjects got in today experiment (6 ECU)? (the comparison with your co-workers wage, the comparison with the average wage of all subjects, none matters) (14) Please leave your comments on how to improve our experiment!
